Technologies (ICT) contribute to development; however there is a need to know how and the extent to which development occurs. Moreover the evaluation of the ICT contribution to development has been challenged from theoretical, ethical and methodological angles. This paper addresses some of these challenges by proposing a model that enables systematic evaluation of the ICT contribution to development. The proposed model is conceptually motivated by Amartya Sen's capability approach that defines development as freedom. Development is a process that involves the provision of opportunities (capabilities) from an ICT resource, as well as actually exploiting the opportunities to realize development benefits. The conversion of resources to opportunities and opportunities to development benefits is facilitated or inhibited by various contextual factors. Development from the capability perspective is both peoplecentered and multidimensional. This requires consideration of both instrumental effectiveness and intrinsic importance. Consequently five evaluation dimensions concerning social and economic development are proposed; namely research and education opportunities, healthcare, economic facilities, political freedoms and psychological wellbeing. ICT4D evaluation indicators are suggested for each dimension and a Multi-criteria decision analysis (MCDA) structured evaluation process is proposed to guide the evaluation. The application of a structured evaluation approach is illustrated through the example of an online learning environment at a University in a developing country. Future research is underway to further apply and validate the model in practice.
I. INTRODUCTION ARGE Information and communication Technology (ICT)
investments especially in developing countries are motivated by the notion that ICT actually contributes to development [1] . Despite the high rates of ICT diffusion and uptake over the years, the equally high failure rates continue to raise skepticism as to whether ICT is actually contributing to development. This explains the increase in ICT evaluation studies aimed at establishing whether and how ICT contributes to development [c.f. 2, [3] [4] [5] [6] [7] . Such evaluation facilitates the identification of benefits achieved from investments; advises future investments; enables prioritization; forecasts potential impacts; as well as facilitating accountability exercises [1:628] . The evaluations further provide an understanding of the complexities involved in the translation of an ICT resource into a development benefit.
Over the years ICT4D evaluation has moved from focusing on assessing diffusion in terms of availability, access and use of ICT, to measuring benefits and sometimes challenges of ICT [1] . While availability, access and use evaluation approaches are mostly performed at the macro level of analysis; the latter is mostly micro-based. It focuses on individual or community evaluation and is achieved predominantly through qualitative in-depth descriptions. Despite the increase of studies in ICT4D impact evaluation, the contribution ICT makes to development is still elusive [8] . This is evidenced by the existence of calls for such studies [i.e. 1, [9] [10] [11] , to which the current study aims to respond.
One of the concerns is how an objective and structured approach can facilitate the evaluation of the ICT contribution to development. It is noted that while the qualitative evaluation approaches to ICT4D offer rich in-depth explanations of how development has occurred, they are normally difficult to report, and may require longer study periods which are subsequently expensive [8] .The difficulty in reporting is especially true for evaluations at macro level, or exercises involving several projects for which in-depth qualitative assessments may not be viable. The evaluation is also challenged by other methodological and ethical factors. Principle among these is how a developmental impact could be attributed to a single intervention since impact occurs after sometime, and there could be other contributing factors. Although this could be addressed through systematic evaluation exercises, such approaches may not be possible in certain instances e.g. due to costs or when the need for impact assessment is realized later in the project lifecycle. Gomez and Pather [8] and Heeks [1] also cite the lack of wellformulated theoretical foundations to devise appropriate impact measures that guide data collection as well as analysis. In addition since studies into the contribution of ICT4D evaluation exercises are in their infancy, there are challenges regarding the availability of data.
This calls for structured approaches to facilitate an objective impact evaluation process of the ICT contribution to development [8, 12] . It is envisaged that the structured approach streamlines the data collection and analysis process to ensure that the method is not too simplistic to overlook essential details and neither is it too elaborate to inhibit proper reporting. To contribute to a growing field of ICT4D evaluation, this paper addresses some of these challenges by specifically proposing a model that enables systematic evaluation of the ICT contribution to development based on an indicator-based approach. While the use of indicators in the Towards a Structured Approach for Evaluating the ICT Contribution to Development
Florence Nameere Kivunike, Love Ekenberg, Mats Danielson, F. F. Tusubira L evaluation of the ICT contribution to development is still in its infancy, this has been demonstrated in an earlier research which laid a foundation for this extended study [13] . Gigler [14] also demonstrates how an indicator based approach can be used to evaluate people's perception of the impact of the internet in the different well-being dimensions. He further demonstrates the importance of target beneficiaries in such an evaluation exercise; and the contextual factors determine whether ICTs will or will not contribute to wellbeing. It is also envisaged that a structured approach would facilitate the evaluation of the ICT contribution at a higher (macro/meso) level such as national development goals or strategies at policy level e.g. healthcare delivery, education, universal access etc. According to Walsham [15] evaluations at the strategic policy level are indicative of a move towards inclusive development rather than selective development for only a selected few. A literature review of the current state of evaluating the ICT contribution follows. A discussion of the underlying conceptual foundations applied in this study; as well as the composition and interactions of the proposed model are then presented in the next section. This is followed by an outline of a multi-criteria decision approach that illustrates how the evaluation can be performed. The paper concludes with a discussion of limitations, and recommendations for future works.
II. LITERATURE REVIEW -EVALUATING THE ICT CONTRIBUTION TO DEVELOPMENT
There is substantial research into the evaluation of the ICT contribution to development, specifically from a development perspective. The main development concepts guiding ICT4D evaluation are Amartya Sen's [16] capability approach and the sustainable livelihoods approach -SLA [17] .
For example Hatakka and Lagsten [18] apply the capability approach to assess how students use internet resources to facilitate their learning. Respondents were masters' students of an international e-government course that mostly consisted of students from developing countries. The study reveals that Internet resources facilitate student learning at the educational, personal and professional levels. However the students' choice to exploit/benefit from the resources is restricted by a number of factors including personal interests and motivation, the incentives to use the resources, the applied pedagogical techniques, etc. The main aim of the study was to test the capability approach as a development evaluation approach.
Ibrahim-Dasuki et al [3] also apply the freedoms concept of the capability approach as an evaluative space of the developmental impact the electricity pre-paid billing system has had in Nigeria. They generally established that the project had not fully realised its development impact. For while the pre-paid billing system had enabled the freedom of transparency through the elimination of estimated billing, the officials still requested for bribes to have the system installed at the consumers' premises (pp. 43). Furthermore De'[19] and Madon [7] demonstrate how various components of the capability approach may be applied for the development appraisal of e-government projects in India. De'[19] applies the development concept to evaluate Bhoomi, a land records digitization project. While it was a successfully implemented project that met all the implementation goals, the development benefits towards meeting citizen needs were not so clear.
Parkinson and Ramirez [20] also applied the SLA for the assessment of the impact of a telecentre in Colombia on the livelihoods of people within the community. They argue that the SLA facilitates a broader scope of analysis and provides better analytical rigour. It enabled them to establish the kinds of risks and vulnerabilities that people faced, some of the key factors that determined their livelihoods, and how their use of the Internet or other telecentre services link to their livelihood strategies.
The majority of the ICT4D evaluation studies cited above apply the capability approach to perform in-depth descriptive analysis. As a point of departure and contribution to this body of knowledge, the model suggested in this study illustrates the use of a structured evaluation approach based on indicators in the evaluation of the ICT contribution to development.
III. CONCEPTUAL FOUNDATIONS
Drawing on theoretical and conceptual foundations is essential to realizing sound evaluation approaches to support ICT evaluations [1, 8] . This facilitates the understanding of how technology interacts with society to achieve development. ICT4D studies fall within an emergent multidisciplinary field now referred to as "development informatics" that seeks to integrate development theories within information systems, communication studies as well as computer science [21] . This fairly new field resulted from the realization that there is more to ICT4D than just diffusion, adoption and use. The need to establish the real ICT benefits in terms of what they are used for within various contexts called for new approaches. Consequently, there is need for sound theoretical premises as a basis for research on how ICT got integrated and affected people's everyday lives, businesses as well as national and international development goals. Starting with the ICT4D value chain as a guide, the focus of evaluation in terms of the ICT4D implementation lifecycle in this study is identified. The Capability approach is then applied to facilitate the definition and understanding of what development is and how it is realized.
A. The ICT4D Value Chain
The ICT4D value chain model [22, 23] facilitates an understanding of ICT4D evaluation. It is based on the standard input-process-output model linking resources and processes to systematically analyze the stages an ICT initiative traverses over time (see Fig. 1 ). According to the value chain, the input i.e. an ICT4D intervention in combination with fulfilled prerequisites (i.e. policies and implementation skills) will result into a successful deliverable e.g. a telecentre, e-library platform etc. These deliverables once exploited by the target beneficiaries result into outputs, which lead to outcomes and ultimately impact. The realization of outcomes from outputs as well as impact from outcomes is affected by various contextual factors such as skills, institutional barriers and cultural or personal beliefs among others.
Over the years interest in the domains along the value chain has shifted from readiness, availability and uptake towards development impact [1, 24] . This shift arises from the need for ICT4D initiatives to demonstrate that they actually contribute to social and economic development. However the challenge in such evaluations is that as one moves from outputs to impact, evaluation becomes more complex since focus shifts from the technology to the development goals. As a result outcomes and impact cannot be attributed to a specific initiative since there are other factors or even initiatives that could have affected the resultant outcome. To address this challenge, it is argued in this paper that rather than aim at proving causality, emphasis should be placed on the contribution an initiative has made on social and economic development [25] . This refers to the change in terms of social and economic development resulting from the presence of that intervention, within the boundaries of the contextual factors. Furthermore focusing on the contribution is appropriate in situations where baseline studies were not performed to facilitate a longitudinal evaluation of the initiatives. Fig. 1 . ICT4D value chain adopted from [26] Moreover the impact concepts i.e. outputs, outcomes and impact as per value chain have been severally defined based on various approaches applied to the design and evaluation of projects or programmes in international development. Some of the main and interrelated approaches are the logical framework (LFA) [27] , theory of change (including contribution analysis) [28] , and results based management (RBM) [29] (see Table I ).To some extent all these are theorybased approaches that rely on the theory of change techniques to facilitate the assessment of whether and how an initiative causes or contributes to an impact. They may also apply as underlying guides to the value (or result) chain above to guide program or intervention designs or evaluations [30] .This study adopts the output, outcome and impact definitions suggested by the ICT4D value chain since it is a pivotal framework in this study. In addition, the ICT4D value chain definitions are similar to those suggested by the RBM approach that is a widely accepted development evaluation approach. Generally outputs are the immediate results of the program or initiative. These can either be goods or services such as workshops held, information produced or changes in skills etc. In this study ICT4D outputs are the behavioral changes associated with technology use. Heeks cites these as consisting of new information and decisions, new communication patterns and new actions and transactions that an ICT enables. Moreover outputs in telecommunications are similarly defined as information made available and retrievable by computer. Outcomes (purpose) on the other hand are the effects of outputs; in this study they are the direct benefits in terms of measurable (both quantitative and qualitative) benefits as well as costs associated with the outputs. Finally development impact refers to the ICT contribution to the broader development goals: impacts are less tangible. They are the long-term effects of the interventions [24, 31] . The output and outcome definitions adopted in this study are similar to the opportunities and achievements concepts that are discussed in the subsequent section.
However the value chain assumes a linear relationship between ICT and development. This does not sufficiently represent the development process, since there are several aspects involved in explaining how and why development would result from an ICT4D initiative [32] .For this reason and the need to adequately define what development is and how it is realized in a given context; there is a need to adopt and integrate a development perspective as discussed in the following section. 
B. The Capability Approach
A development theory perspective facilitates the definition of what constitutes development. For this purpose, Sen's capability approach [16, 35] is adopted since it facilitates a multi-dimensional, people-centered approach of defining what constitutes development. Development according to Sen is the expansion of freedoms (capabilities or opportunities) to enable people lead the lives they value [16:18] . Development is more than the provision or access to a resource e.g. ICT: it is about what ICT can enable people be or do given their contextual aspects. One of the reasons freedom is central to development is for purposes of evaluation. Sen [16:4] points out that "assessment of progress has to be done primarily in terms of whether the freedoms that people have [or value] are enhanced". Basically it looks at 1) development in terms of values e.g. being healthy, being educated or being happy; and 2) evaluate how these have been enhanced by, for example, access to the Internet in a given context. The capability approach premise is that a vector of a resource is transformed into a capability set within the restriction of conversion (contextual) factors. The capability set consists of functionings -things one can be or do to obtain the life they value. Simply defined, the capability set is the opportunities a development initiative offers. Achieved functionings on the other hand are the opportunities one chooses to exploit given his/her specific context.
The multidimensional nature of the approach argues for a holistic evaluation of wellbeing that is not only limited to income, since wellbeing consists of aspects that income cannot satisfactorily measure [36] . Examples include: greater access to knowledge, better nutrition and health services, more secure livelihoods, security against crime and physical violence, political and cultural freedoms, or participation in community activities. Depending on the nature and purposes of evaluation, one can choose to focus on the opportunities majority of applications of the capability approach focus on opportunities, arguing that while policymakers are mandated to deliver development opportunities, they to a great extent cannot decide how people choose to benefit from them [37] .
The capability approach is also concerned about human diversity which results from people's personal as well as external factors [35] . These factors, referred to as conversion (or contextual) factors determine people's preferences and choices of the potential functionings. Conversion factors are classified as personal -the individual characteristics such as physical disabilities, motivation, level of education, age, gender and sex; Social factors -the external legalities or societal requirements that may consist of public policies, social or cultural norms and discriminating practices. Another emerging social factor here are the intermediaries e.g. nongovernment agencies that seek to promote ICT usage [32] . Lastly, environmental aspects focus on location and accessibility to facilities, as well as technical aspects such as quality of service [18, 38] .
An individual's capability set comprises both wellbeingthe opportunities availed for a better life; as well as agencyone's ability to choose from the availed opportunities based on personal values and circumstances [16] . Agency takes into consideration the active involvement of beneficiaries in their development process; i.e. whether they choose to exploit the available facilities for the improvement of their lives or not depending on what they value, and the circumstances they are in. The following are the multiple evaluation spaces within which policies and initiatives can be evaluated:wellbeing freedom which focuses on the capabilities or opportunities an initiative fosters; wellbeing achievement which is the achieved functionings; agency freedom which evaluates the freedom to achieve whatever a person decides he or she should achieve [39:203] ; and finally agency achievement which are the outcomes in terms of one's values, including those of other people, beings and things [40:341] .
IV. PROPOSED ICT4D EVALUATION MODEL
As suggested by the capability approach, the realization of development from an initiative is a process that besides the provision of the opportunities (capabilities) also involves the interaction of these capabilities with choice that is influenced by the conversion factors. For example Hatakka and De' [41] analyze a project that successfully set up a distance education system providing opportunities for people to attain formal learning. However factors such as pedagogical training and low computer literacy were ignored, which affected people's choices regarding the exploitation of the provided opportunities. This highlights two aspects: first, the need to perform a process analysis from capabilities to achieved functionings; and second, the need to explicitly establish the conversion factors that affect people's choices. Focusing on achieved functioning alone denies one insight into the process that is very essential given that development initiatives are highly contextually dependent. On the other hand, focusing on capabilities alone offers a limited development evaluation that does not actually establish whether development has occurred.
Focusing on capabilities alone may also be perceived as techno-centric since evaluation is only performed on the opportunities an initiative can offer and does not investigate whether these were achieved or the factors that influenced this process.
In relation to the value chain outputs, outcomes and impact concepts, the ICT contribution to development is evaluated in terms of the outputs contribution to outcomes. The underlying assumption is that exploiting (choosing to use) available opportunities (outputs) will to a great extent contribute to the development achievements (outcome). In essence evaluation can be performed for the contribution the output makes; and the outcome where applicable; which is a process evaluation of how an initiative has contributed to development. A similar assumption is held and proven for the empowerment [42] and the choice [4, 43] frameworks both of which rely on the capability approach as a theoretical foundation. Similarly Garnham [12:33] points out that "[t]he point from a capabilities perspective is the assessment of what contribution the medium makes to enhancing its users' range of functionings…". According to the empowerment and choice approaches it is assumed that empowerment results into the realization of development outcomes. Alsop and Heinsohn [42:5] define empowerment as "enhancing an individual's or group's capacity to make choices and transform those choices into desired actions and outcomes". Individuals use their agency (human diversity, personal conversion factors) to explore opportunity structures (capabilities, social factors) resulting into empowerment (presence and exercise of choice) that enables development outcomes. Development outcomes according to Kleine [4:122] are 'complex to describe' but consist of choice as the primary outcome, and secondary outcomes which 'will often be either sketches of overarching aims or limited to aspects relevant to a given context'. These secondary outcomes may consist of goals/aims that individuals or groups value within a given context or achieved functionings -a subset of the capabilities.
Based on the above discussion, the constructs of the proposed evaluation model include ICT characteristics, conversion factors, opportunities (capabilities), and achievements (choice, personal or community goals, and achieved functionings) as shown in Figure 2 . The ICT characteristics that a resource enables (communication; production, processing and distribution of information) provide opportunities within the limitations of the personal, social and environmental factors. Achievements are the opportunities one chooses to exploit within the restriction of conversion factors, and choice is also explicitly evaluated as one of the achievements [44:74] . According to Robeyns and van der Veen [37:44] although governments (development partners, etc.) can provide opportunities, they cannot decide on how people live their lives. It is assumed that if someone's ability to make choices is increased or strengthened, it will enable the choice of capabilities so that one lives the life they value. Outputs as per these definitions are the opportunities, while outcomes are the achievements. The achievement of certain functionings enables other opportunities: this is shown by the double pointing arrows between outputs and outcomes. For example, sensitization on the benefits of using the Internet empowers individuals to make wise decisions on how to use it.
A. ICT4D evaluation criteria -Dimensions and Indicators
According to Sen, the expansion of freedom is both the means and end of development. From Sen's [16] viewpoint,"[t]he intrinsic importance of human freedom [ends], in general, as the preeminent objective of development is strongly supplemented by the instrumental effectiveness [means] of freedoms of particular kinds to promote freedoms of other kinds" (p. xii). An initiative should therefore be evaluated on its ability to increase people's substantive freedoms such as self-esteem, as well as the instrumental freedoms that contribute to and guarantee people's substantive freedoms. Consequently, Alkire [45] emphasizes that in defining an evaluative space based on the approach, it is important that considerations of both instrumental effectiveness and intrinsic importance are considered. Sen proposes five instrumental freedoms that enhance people's capabilities i.e. social opportunities, economic facilities, political freedoms, transparency guarantees and protective security. It is argued that the extent to which these are secured is indicative of the level of an individual, household or community development [3:36] . Since these freedoms are interrelated and supplement each other, earlier studies proposed three (social opportunities, economic facilities and political freedoms) out of the five domains for this study [13, 46] . A fourth dimension, psychological wellbeing is proposed as this evaluates the substantive freedoms such as choice and self esteem [32] .
Depending on the nature of the initiative being assessed all or just some of the dimensions may be applied except psychological wellbeing that should be evaluated for all initiatives since it affects the achievements in other dimensions (e.g. as discussed in relation to choice). As Gomez and Pather [8:11] argue, "attention to intangible and unquantifiable aspects (e.g. self-worth and the strengthening of social fabric) that are facilitated indirectly through use, or even the presence of ICTs, will provide a more complete and holistic perspective of ICT impact." Alkire [47:7] The dimensions are defined as follows: 1) Social opportunities: which refer to arrangements society makes available to enable an individual to live a better life. From the capability perspective, this specifically focuses on education and healthcare 2) Economic facilities: these refer to the opportunities that individuals enjoy utilizing resources for the purpose of consumption, production or exchange. This includes aspects such as productivity, employment, etc. 3) Political freedoms: are the opportunities people have to exercise their political rights e.g. being able to participate in local elections, community development programmes, etc. 4) Psychological wellbeing: refers to the physical, emotional and personal development opportunities. These are mostly a result of using ICT or participating in ICT4D projects. Examples include gaining respect from peers or having an increase in self-esteem. Psychological wellbeing has both substantive and instrumental value that enables people to exploit other opportunities in pursuit of development. It is envisaged that a set of criteria for each of these dimensions could facilitate an evaluation of the ICT contribution to development (see proposal in appendix A). For each dimension, achievements (outcomes), and opportunities (outputs) are proposed. For example it is presumed that to assess whether an initiative has improved access to formal or non-formal education (outcome/achievement) in the research and education dimension; the following opportunities (outputs -what people do) are evaluated:
 Accessing information in relevant online resources e.g. research journals, online libraries  Participating in online research collaborations e.g. through discussion forums  Producing and publishing research outputs e.g. journals, patents etc.
These are further granulated to define output and outcome indicators (see illustrative example in section IV). The indicators measure whether end users exploit the opportunity in terms of quality and the usage. Quality seeks to establish whether end users actually value the opportunity, which will determine whether it is exploited. On the other hand usage focuses on the level of use. Using the electricity analogy, Roberts points out that ICT is also ubiquitous. Therefore "it is not the electricity or ICTs as such that make the (bulk) impact on economy and society but how they are used to transform organizations, processes and behaviours." [48:90] . Details of criteria formulation are discussed in another publication [49] .
The indicators proposed in this study are mostly qualitative and do not require precise data specifications. It is envisaged that the qualitative assessment facilitates a structured, approach that provides sufficient information to report the ICT contribution to development. Elicitation of data for this approach relies on beneficiaries' perceptions, which can be imprecise information about how initiatives have been of benefit to peoples' wellbeing. Moreover the use of structured approaches to evaluate the ICT contribution to development is also recommended as a replacement for access and usage measures which offer little in as far as defining the actual ICT benefits is concerned [12] .
V. APPLYING THE EVALUATION MODEL
This section presents a structured approach that applies Multi-criteria Decision Analysis (MCDA) techniques to facilitate the evaluation of development initiatives.
A. An MCDA approach to evaluate the ICT contribution to development The evaluation and selection of ICT4D initiatives is a complex decision problem that would benefit from the application of MCDA techniques [10] . Besides facilitating multidimensional and multi-stakeholder assessments; MCDA provides a means for handling uncertainty arising from incomplete and vague information. This is a key requirement for the evaluation of the ICT contribution to development which relies on stakeholder value-judgments, perceptions and beliefs of how ICT has affected people's lives. In addition MCDA techniques offer a structured evaluation process of development outcomes as alternative to the predominately descriptive, and often difficult to report ICT4D evaluation approaches [18] . It further relaxes the requirement of quantitative measures which call for data that is in some cases not accessible, and may be more taxing on the stakeholders.
As a structured decision making process the MCDA methodology typically consists of three stages [50] : 1)information gathering or problem structuring -involves the definition of the decision problem to be addressed as well as the criteria and alternatives where necessary, 2) modelling stakeholder preferences -the structured decision problem, i.e., criteria and alternatives are modelled using a decision support tool; and 3) evaluation and comparison of alternatives.
While the application of MCDA techniques to decision making situations in the developing country context is appropriate, it is challenged by cultural, organizational, and infrastructural barriers among other factors [51] . Examples specifically include low literacy levels, the lack of electricity, and uneven access to ICT infrastructure as well as elite resistance resulting from leaders being afraid of losing their political position [52] . This calls for appropriation of the MCDA approach and process in a way that takes into account the contextual limitations in the developing country context, and the specific ICT4D evaluation exercise. This section illustrates how an MCDA technique can be applied for the evaluation of an ICT4D initiative. It specifically applies the technique using a subsection of the proposed criteria for the evaluation of the impact of an online learning environment on students' access to learning.
B. The Case: Evaluating the impact of MUELE on students' access to learning 1) Problem definition and structuring
The Makerere University E-Learning Environment (MUELE) is one of several initiatives aimed at leveraging faculty effectiveness and improving access to learning at Makerere University [53] . MUELE is a learning management system (LMS) based on Moodle. It has been in existence since 2009 and boasts of a steady growth of users over the years. For instance the active courses increased from 253 in 2011 to 456 in 2013, while the users increased to 45,000 to date from 20,000 in 2011. Despite this state of progress, the use of MUELE is mostly as a course information repository even after lecturers obtained training in online course authoring and delivery [54] . This has been attributed to the attitude towards the adoption of e-learning, concerns from lecturers regarding the increase in workload resulting from large student numbers, and increased course preparation time. Consequently this illustrative study seeks to establish whether MUELE has improved students' access to learning. More specifically this sought to establish whether MUELE contributed or did not contribute to improved (access to) learning; and an assessment of how the initiative performed on the different output and outcome indicators; highlighting the most significant outcomes.
The criteria consist of the output and outcome indicators relevant for the evaluation of the impact of MUELE on access to learning. This is a subsection of the criteria suggested in appendix A, specifically aimed to evaluate improved access to formal and/or non-formal education.The criteria also include the contextual factors known to have an effect on the use of ICT to support learning. The criteria are summarized in Tables II -IV in Appendix B.
2) Problem modeling and elicitation
The proposed criteria consisted of two decision models; the outputs and outcomes decision model. The output model sought (see Figure 3) to establish the perception of students on whether MUELE had improved on their access to learning. On the other hand the outcomes model sought to measure the actual improvement in student learning. The contextual factors had an influence on both models, either facilitating or restricting the improved access to learning. Preference modelling and elicitation considered two aspects: 1) evaluating the relative importance of criteria (eliciting weights); and 2) evaluating the initiative performance against criteria (eliciting scores).
 Weight Elicitation:-This is expressed through the assignment of a weight which reflects the importance of one dimension (criteria) relative to the others and can be achieved through various methods [55] . Ideally weight elicitation should be performed for each of the levels of the decision tree hierarchy. This study applied the rank-order approach in which criteria were ranked in order of importance from most to least important including equal ranks, as well as assigning of weights. Rank-ordering was performed for the outcome model and the bottom-level criteria of the output model (output indicators). Equal weights were assumed for the other levels of the hierarchy i.e. outputs and output indicator categories. The weights were developed through consultation with experts in the fieldlecturers and MUELE administrators -who assessed the relative importance of the criteria.  Eliciting Scores:-This involved evaluating perceptions of how MUELE had performed on various criteria. Responses were elicited from students who had used MUELE for at least a year or more. Verbal-numerical scales which have been applied in various domains [56] [57] [58] as well as binary (yes/no) scales were used for the elicitation. The verbal-numerical scale is a combination of verbal expressions (e.g. unlikely, strongly agree etc) and the corresponding numerical intervals (see table 5 ). Since elicitation involved vague and imprecise value judgements of how e-learning had improved learning, it was appropriate to adopt a verbal-numerical scale. While the verbal facilitated stakeholders to vaguely state their preferences, the corresponding numerical ranges were applied for representation and analysis in the decision analysis tool. Studies have established that people assess in terms of words or numbers in varied ways; however the use of a combined verbal-numerical scale is a more effective and simplified elicitation approach [58] . For this study the verbal-numerical scale in Table v was adapted from Budescu et al. [59] mainly because it had been empirically developed and was appropriate to illustrate the use of a structured approach in evaluating development initiatives. Since multiple responses were elicited from the students and experts, aggregation was required for the elicited information. The aggregation approach was dependent on the nature of response scales; for example the simple weighted sum approach was applied for the aggregation of the students responses obtained from the verbal-numerical scale [50] . This involved assuming equal weights for each stakeholder and calculating the expected value. The simple weighted sum approach has been used in the aggregation of imprecise values because it has proven to be the most effective aggregation approach [50] . Since the ranking and binary (yes/no) scales are ordinal, the mode was applied as the preferred measure of central tendency was applied to obtain the aggregate value(s) for the analysis [60] .
3) Results: Analysis and Evaluation
In this study the DecideIT decision support tool [61] [62] [63] was used to analyse and evaluate the decision problem. DecideIT is based on multi attribute value theory [64] and supports both precise and imprecise information. DecideIT supports various data formats i.e. imprecise data in terms of interval values, comparative statements or weights and even precise values. The rank ordered values depicting the relative importance of criteria were modelled as comparative statements, while the student perceptions obtained through the verbal-numerical and binary (yes/no) scales were modelled as intervals, and precise values respectively. Evaluation was performed for each of the models (outputs and outcomes) and the results are discussed below.
i.
Respondent Demographics Eight (8) experts, 4 male and 4 female were consulted on the ranking of importance of indicators used to evaluate the impact of an e-learning environment on improved students learning. Seven were lecturers, while one of them was an administrator in charge of MUELE. Twenty (20) students 17 male and 3 female participated in the evaluation of the impact of MUELE on improved access to learning. With an exception of 2 students in their second year and 3 who had completed their studies, majority (15) were in their final year of study, and had used MUELE for an overall period of 2 to 4 years. Most of the participants (10) used it 2-3 days a week, 7 used it almost everyday, while 2 rarely used it and 1 used it once a week. Finally while 14 of the student participants were in the 16 to 25 age bracket, the rest were in the 26 to 35 age bracket. Clearly the sample is not representative enough of the student population that uses MUELE. However this was sufficient to illustrate the structured evaluation process.
ii.
Output Model Evaluation Value Profiling: provides an assessment of how outputs (evaluated in terms of output indicators) have performed in as far as meeting the overall objective is concerned. It assesses the contribution or relevance of the outputs to the overall objective. In this case the quality and level of use of course material are the most significant contributors to improvements in accessing learning materials, while participation in online discussions is average. Finally, satisfaction with the quality of discussion forum posts is the least contributor to improved access to learning (Fig. 4) . Evidentily MUELE is mostly used as a course repository as previuosly established [54] . Tornado Graphs: facilitate the identification of the critical issues that have the highest impact on the expected value (Fig.  5) . The least contributing (outputs) indicators as per value profiling analysis above i.e. participation in the discussion forums (Cr.7, Cr.9, Cr.10, Cr.8), were the most critical aspects affecting the expected value measure. On the other hand, the high contributors, i.e. the quality and level of use of course material, had the least impact on the expected value. Such information may challenge decision makers to develop strategies for the improvement of the current initiative or streamline the development of future similar initiatives. For example establishing that participation in discussion forums is a critical aspect in realising improved learning through MUELE would challenge the lecturers to actively engage the students in this activity, or to investigate further on why this is an important aspect. 
Expected Value Graph:
The expected value interval [0.68 0.84] of the outputs measuresstudent performance in terms of the extent by which access to MUELE has improved access to learning (Fig. 6 ). This implies that based on the outputs, it is perceived that MUELE had a fairly high potential of improving access to learning with very limited possibility or chances of failure. This serves as confirmation of the ICT potential towards improving access to learning in this particular context. iii.
Outcome Model Evaluation Expected Value Graph: -depicts an expected value interval [0.52 0.92] and the focal point of all interval statements (the 100% contraction value) at 0.73 (Fig. 7) . This implies that the different outcomes derived from MUELE effectively contributed to improved access to student learning by a range of [0.52 0.92]. Value Profiling: The outcomes to which MUELE most significantly contributed were improvements in student learning, facilitation of student participation in personal learning, and a better chance of obtaining employment (Fig.  8 ). There was an average effect on the psychological aspects i.e. improved levels of confidence and whether people felt more valued or respected. There was however a low chance that MUELE had a significant negative impact such as affecting concentration or self-discipline, as well as personal health. On the other hand there was a high chance that access to MUELE increased student dependence on computers. Tornado Graphs:The contextual factors, i.e. relevant skills, limited access to computers, unreliable or slow internet connection, ability to afford a personal computer, as well as the mandatory requirement to use MUELE were the most critical aspects affecting the realisation of improved access to student learning (Fig. 9) . The difference in factors affecting the realization of outputs and outcomes is essential for midterm evaluation; helping implementers address the identified gaps and ensure success of the initiative. As is seen from the results above, the aim in such an analysis is not necessarily to obtain an aggregated value explaining the overall performance of an initiative. Focus is on facilitating a structured approach to explaining various aspects, such as how an initiative performs on different outputs and outcomes, the most critical factors affecting the realization of the overall objective etc. It is important to note that while the findings in this illustrative example may not be representative of the elearning status at Makerere University, they are a good illustration of the evaluation process. For example the realization that contextual factors are an essential aspect in meeting the initiative goal will shift focus from just providing the e-learning environment to addressing the most critical contextual factors. Furthermore the low performance of discussion forums will probably encourage further investigation into the pedagogical requirements that would integrate forums into the students' learning process. The MCDA tool provides a rich, detailed and structured assessment of the different factors that warranty further investigations in its use as an ICT4D evaluation approach.
VI. CONCLUSIONS AND FUTURE WORKS
This paper proposes and illustrates an MCDA structured approach for the evaluation of the ICT contribution to developmentThe model is based on the capability approach with aspects drawn from the ICT4D value chain as conceptual framework. A major challenge with the capability approach has always been its strong philosophically profound basis, which complicates attempts of its operationalization. The work presented here contributes to the operationalization of the capability approach or more generally applying a development perspective to the evaluation of the ICT contribution to development. However, unlike the existing applications of the approach, the model suggested in this study illustrates the use of indicators in the evaluation of the ICT contribution to development. Moreover the proposed indicator-based evaluation offers more in comparison to the quantitative evaluations of availability and uptake. It is also multi-dimensional, evaluating more than just economic benefits. It explicitly considers the instrumental and substantive ICT benefits, as well as the context in which they should be obtained. It further stresses the need to evaluate psychological wellbeing alongside the other dimensions, because this is both a means and an end in ensuring development. The approach will benefit ICT4D evaluation efforts for which in depth descriptive evaluations are not possible due to various constraints that are budgetary, logistical, or related to insufficiency of data. It may also serve for the comparative evaluation of multiple projects. For instance a subsection of the criteria proposed in this study will also be applied in iMentors 2 , an EU project developing a platform that will enable donors and development partners to review complete or existing projects to provide policy support and assist programme planning and implementation.
The applicability of the model is illustrated through its use in the evaluation of an online learning environment, MUELE aimed to leverage faculty effectiveness and improve access to learning at Makerere University. The illustrative example reveals that such a structured approach can facilitate a sufficient assessment of the performance of development initiative, as well as the most critical factors influencing the attainment of the development goals. The model however does not explicitly address unintended or negative benefits that are prevalent in any development initiative.
Future work will seek to address this gap, as well as validate and test the MCDA evaluation model in other ICT4D contexts. Has the initiative enabled the participants obtain I was able to obtain advanced skills
